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Preservation of antral innervation by proximal gastric vagotomy reduces gastric secretion as effectively as denervation of the entire stomach.
Vagotomy combined with a drainage procedure is now established as the elective method of treatment for duodenal ulceration by the majority of surgeons in Britain. However, over the last 15 years it has become increasingly clear that a proportion of patients develop sequelae such as diarrhoea, 'dumping', or vomiting, which seem to be directly related to the operation (Goligher, Pulvertaft, Irvine, Johnston, Walker, Hall, Willson-Pepper, and Matheson. 1972) . Amdrup and Jensen (1970) and Johnston and Wilkinson (1970) suggested that these sequelae could be minimized or abolished by performing a proximal gastric vagotomy without a drainage procedure (synonyms 'highly selective vagotomy', 'parietal cell vagotomy', 'selective proximal vagotomy'). Proximal gastric vagotomy denervates the acid-secreting area of the stomach but preserves the innervation to the gastric antrum. Burge, MacLean, Stedeford, Penn, and Hollanders (1969) (Clarke, McFarland, and Williams, 1972) , a pyloroplasty was included in all operations on the second 20 patients in the trial. The pyloroplasty was performed with both types of vagotomy so that once again the only difference between the two groups was the presence or absence of antral innervation.
Material
Forty consecutive male patients with uncomplicated duodenal ulcers were included in the trial; no patient was excluded due to obesity.
All patients had unequivocal evidence of a duodenal ulcer on barium meal examination and at operation. All operations were performed by one surgeon (R.J.C.). At operation coexistent biliary or other gastrointestinal pathology was excluded and a proximal gastric vagotomy was performed.
Technique of Operation
The technique of proximal gastric vagotomy was similar to that described by Amdrup and Jensen (1970) . The anterior and posterior nerves of Latarjet (Latarjet, Cluzet, and Wertheimer, 1921) All patients in the trial had a 4 cm longitudinal gastrotomy in the body of the stomach immediately proximal to the antrum and duodenal stenosis was excluded by passing the index finger through the pylorus into the second part of the duodenum. Through the gastrotomy the antral-parietal mucosal boundary was easily delineated using Congo Red dye after pentagastrin stimulation (Amdrup and Jensen, 1970 The last 20 patients in the trial had a Weinberg (1964) pyloroplasty.
Gastric Secretion Tests
Gastric secretion was assessed before operation and between three and four months after operation in all patients. The patient fasted for 12 hours before the test. A nasogastric double-lumen Salem sump tube was passed and an insulin/pentagastrin test (modified Baron, Gutierrez, Spencer, Tinker, and Welbourn, 1969; Baron, Cowley, Gutierrez, Spencer, Tinker, and Welbourn, 1970) 
The basal secretion of gastric juice was aspirated by continuous suction for half an hour. The patient was then given an intravenous injection of 0-25 units of insulin per kg body weight and the gastric secretion collected in 1 5-minute samples for a further two hours. This was followed by an intramuscular injection of 6 jig of pentagastrin per kg body weight and the gastric secretion was collected for a further hour.
The concentration of hydrochloric acid in each 15-minute aliquot of gastric juice was measured by titration with N/10 sodium hydroxide to pH 7.0 using a Radiometer autotitrator. The pepsin content of the gastric juice was measured, in the last 20 patients in the trial, by the method of Anson (1938 The average postoperative hourly acid outputs for the two groups of patients are shown in Table II . There is no statistical difference in BAO, MAO(I), or PAO(Pg) between the two groups of patients.
There is a highly significant (p < 0.001) fall in all measurements of acid secretion following both operations. The mean reduction of BAO is 74% after selective proximal vagotomy and 80% after selective vagotomy. The mean reduction of MAO(I) is 96% after selective proximal vagotomy and 92% after selective vagotomy. The mean reduction of PAO(Pg) is 71 % after selective proximal vagotomy and 61 % after selective vagotomy.
The similarity of the acid secretion between the two groups both before and after operation is shown in Figure 1 where the average quarter-hour acid outputs (± standard error or mean) during the insulin/pentagastrin tests are plotted. This illustrates that preservation of antral innervation by proximal gastric vagotomy results in a satisfactory reduction of acid secretion.
PEPSIN SECRETION
The average preoperative hourly pepsin outputs for the two groups of patients are shown in Table III The effect ofretaining antral innervation on the reductions ofgastric acid andpepsin secretion aliquot are plotted for the last 20 patients in the trial. The average postoperative hourly pepsin outputs for the two groups of patients are shown in Table IV. Although the postoperative BPO, MPO(I), and PPO(Pg) are greater after selective vagotomy than after proximal gastric vagotomy, there is no statistical difference in the hourly pepsin outputs or in the percentage reductions in the hourly pepsin outputs between the two groups.
After vagotomy there is a highly significant (p < 0.001) fall in pepsin secretion which parallels the acid reductions in the individual patients. The mean reduction of BPO is 75 % after selective proximal vagotomy and 50% after selective vagotomy. The mean reduction of MPO(I) is 94% after selective proximal vagotomy and 87 % after pentagastrin test differs in certain respects from the acid secretion. Insulin is a stronger stimulus of pepsin secretion than is pentagastrin, which is illustrated in Fig. 2 where the average preoperative gastric acid and pepsin outputs per quarter-hour (Pg) is 69% after selective proximal vagotomy and 560%
after selective vagotomy. The similarity of the pepsin secretion between the two groups before and after operation is illustrated in Fig. 3 where the average quarter hour pepsin outputs (± standard error of mean) during the insulin/pentagastrin tests are plotted. This illustrates that preservation of antral innervation by proximal gastric vagotomy results in a satisfactory reduction of pepsin secretion.
ASSESSMENT OF INCOMPLETE VAGOTOMY
The results of the individual postoperative acid secretion studies during insulin stimulation were studied to select those patients with evidence of residual vagal innervation to the acid-secreting area (positive insulin test). The criteria of Hollander (1948) were used for this assessment. An 'early' positive insulin test is a rise in acid secretion occurring in the first hour of insulin stimulation (Ross and Kay, 1964) and a 'late' positive insulin test is a rise in acid secretion occurring in the second hour of insulin stimulation. Seven patients showed evidence of an incomplete vagotomy (Table V) (Hollander, 1948) Johnston and Wilkinson (1970) and Amdrup and Jensen (1970) found similar reductions in PAO(Pg) in this series after proximal gastric vagotomy. Bank, Marks, and Louw (1967) and Mason, Giles, Graham, Clark, and Goligher (1968) found similar reductions in maximal acid output with histamine stimulation after both selective and total vagotomy. Therefore, there is no evidence that preservation of the vagal innervation to the gastric antrum, by proximal gastric vagotomy, prevents adequate gastric acid reduction three to four months after operation.
Is the reduction in gastric secretion after proximal gastric vagotomy likely to be permanent? Amdrup, Kragelund, Humphrey, Smith, Goligher, and Johnston (1971) showed that although most patients after proximal gastric vagotomy had a negative insulin test by the criteria of Hollander (1948) immediately after vagotomy, over half the patients had a positive response when tested again more than one year after operation. However, this also occurs after both truncal and selective vagotomy (Gillespie, Elder, Gillespie, Kay, and Campbell, 1970; Watkin and Duthie, 1971 ). Long-term follow up of a large number of patients is required to determine whether the reduction of gastric secretion after proximal gastric vagotomy remains sufficient to prevent recurrent ulceration. Only then will the role of proximal gastric vagotomy in duodenal ulceration be established.
